Mechanical properties of biomimetic tissue adhesive based on the microbial transglutaminase-catalyzed crosslinking of gelatin.
Fibrin sealants are a type of soft tissue adhesive that employs biochemical reactions from the late stages of the blood coagulation cascade. Intrinsic to these adhesives are a structural protein and a transglutaminase crosslinking enzyme. We are investigating an alternative biomimetic adhesive based on gelatin and a calcium-independent microbial transglutaminase (mTG). Rheological measurements show that mTG catalyzes the conversion of gelatin solutions into hydrogels, and gel times are on the order of minutes depending on the gelatin type and concentration. Tensile static and dynamic loading of the adhesive hydrogels in bulk form demonstrated that the Young's modulus ranged from 15 to 120 kPa, and these bulk properties were comparable to those reported for hydrogels obtained from fibrin-based sealants. Lap-shear adhesion tests of porcine tissue were performed using a newly published American Society for Testing and Materials (ASTM) standard for tissue adhesives. The gelatin-mTG adhesive bound the opposing tissues together with ultimate adhesive strengths of 12-23 kPa which were significantly higher than the strength observed for fibrin sealants. Even after failure, strands of the gelatin-mTG adhesive remained attached to both of the opposing tissues. These results suggest that gelatin-mTG adhesives may offer the benefits of fibrin sealants without the need for blood products.